
New M a c r o c y c l e s d e r i v e d f r o m 

4 , 5 - d i a m i n o - a n d 4 , S - d i h y d r o x y a e r i d i n - 9 ( 1 0 / / ) - o n e s 

Vanina Santini, Gerard Boyer* and Jean-Pierre Galy 

UMR 6009, Facuhe des Sciences de Saint-Jerome. Case 552. 

Av. Escadrille Normandie Niemen. 13397 Marseille Cedex 20. France. 

Abstract . The synthesis of new macrocycles by alkylation and acylation 

of 4,5-diamino- and 4,5-dihydroxyacridin-9(10//)-ones has been performed 

Several original macrocycles (dilactames, dtarrudes and dilactones) and 

crown ethers have been obtained. 

Acndine derivatives are well known therapeutic agents due to their wide range of pharmacological and biological 

activities, and many derivatives have been reported in the literature/') Therefore one mechanism of action proceeds by 

DNA intercalation of the acridine moiety(2> and we are interested since a few years in the preparation of new 

potyacndines and macrocycles with increased DNA binding properties. For this reason we have previously described the 

preparation of mono and bi-bridged acridine dimers/ '' Moreover tetrameric polyacridines have also been reported 

recently in the lab(4) 

Hence we got involved in the O-acylation and alkylation of amino and hydroxy acridinones in order to prepare bisacridin-

(10//)-ones linked on position 3 or 4<5) and macrocycles linked on position 2,3 and 2,7. In this later case several crown 

ethers were prepared by alkylation of the corresponding dihydroxy derivatives.<6) 

Now we are interested in the preparation of new macrocycles bridged at positions 4 and 5 using suitable precursors like 

the symmetrically substituted diamino and dihydroxy acridinones 5 and 8. 

Our approach towards this synthesis was based on the preparation of the 4,5-diamino-9(10//)-acridinone 5 by reduction 

of the corresponding 4,5-dinitro-9( 10//)-acridtnone, obtained by Ullmann condensation between the benzoic acid 1 and 

o-nitroaniline 2. This synthesis has been reported in the literature but with low yields, especially in the first step of the 

condensation (20 % yield),(7) following this procedure we changed systematically the reported conditions and obtained a 

yield of 54 % performing the condensation without solvent, during two hours, with 2-bromo-3-nitro benzoic acid 1 and 

aniline 2, and carrying the reaction with 1.3 % of copper powder per mmol, of 1, (entry 9, Table 1).<8) 
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Table 1: Condensation reactions of 1 with nitro aniline 2. 

(All the reactions were carried out with 4 mmol of 1). 

Entry 2 K2co3 Cu Reaction Solvant Yield 3 

mmol mmol %/mmol conditions (%) 
1 6.3 4.7 10.0 16073 h 2-ethoxy ethanol -

2 5 4.7 3.3 18073 h pentanol mixture 

3 7.2 8 10.7 18075 h DMF -

4* 7.2 5 10.0 8073 h ethanol -

5 7.2 3.8 6.7 19072 h - 24 

6 7.2 5.2 10.0 18072 h - 18 

7 7.2 12 2.5 19072 h - 50 

8 7.2 12 2.5 19073 h - 35 

9 7.2 12 4.4 19072 h - 54 

10 7.2 12 4.6 19072 h - 25 

*((( 

Then, the recovered anthranilic acid 3 was cyclized in polyphosphoric acid under reflux to yield the dinitro acridinone 4 

with 91 % yield.(9) Finally, reduction of 5 with SnCI2 led to desired 4,5-diamino-9(10//)-acridinone with 78 % yield 

(Scheme 1).(10) 

COOH J ^ ^ f y ^ J ^ . . 

SA, - Υ *WW4 
N(J2 NO2 Η NO2 NO2 Λ NO2 nh2 H) NH2 

1 2 3,54 % 4,91 % 5,78 % 

Scheme 1. a) Cu, K2C03, 2 h, 190°C; b) PPA, 3 h, 100 °C; c) 
SnCI2, HCl, 2 h, 100°C. 

The acylation of the 4,5-diamino-9(10//)-acridinone 5 was performed with different alkyl halides containing a variable 

number of (CH2) groups, in pyridine according to a procedure precedently described in our laboratory upon monoamine 

acridine dimerisation.(5) 

With suberoyl, (n = 6 is the rumber oi methylene units in a macrocycle), azeloyl or sebacoyl chlorides (n = 7 and 8) a 

mixture of oligomeric mono and diacylated acridinones was obtained with 1:1 and 1:2 acndinone/acyl chain ratios. These 

oligomers were separable by crystallization without column chromatography leading to macrocycles 6a-c (18-24 % 

yield); e.g. the 4,5-(damido-a",o)"-alkyl)acndin-9( 10//)-ones; and to the 4,5-(diamido alcanoic acid)acridin-9(10//)-ones 

7a-c (32-35 % yield). (Scheme 2).(U> 
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6 a-c 

Scheme 2. 

7 a-c 
— 6a π = 6(18 %) + 7a(32%) 
• 6b η = 7 (22 %) + 7 b (34 %) 

6 c η = 8 (24 %) + 7 c (35 %) 

Dihydroxy acridinones are also suitable intermediaries for the preparation of acridono ligand, for this reason we tried also 

the acylation and alkylation of 4,5-dihydroxy-9(10//)-acridinone 8. The 'H- and 13C NMR spectroscopy of this 

compound has been described by us,12 but its preparation was tedious and not reported until recently by Hungarian 

scientists.03' In this latter case only one acndono-18-cro wn-6 ligand 9 was prepared and reported by O-alkylation of the 

4,5-dihydroxy-9(10//)-acndinone using tetraethylene glycol ditosylate, (Scheme 3). 

Scheme 3. 

As in the case of diamino ligand 5 we performed first the O-acylation of acridinone 8 with different acyl halides in DMF 

with cesium fluoride to obtained monomeric macrocycles. With adipoyl chloride, (n = 4), a mixture of oligomeric mono 

and diacylated acridinones was obtained with 1:1 and 1:2 acridinone/acyl chain ratios. These oligomers were not 

separable by chromatography; whereas use of pimeloyL, suberoyl or adipoyl chlorides, (n = 5 to 7), led to only the 

macrocyclic dilactones 10a-c with 1:1 ratio after purification. (Scheme 4).(U) 

Ο 

CICO(CH2)„COCI 

CSF2, DMF, 
reflux, 6 h 

10a η = 5 (86%) 

• 10b η = 6 (84%) 

• 10c η = 7 (74%) 

Scheme 4. 10a-c 

The differentiation and characterization of these macrocycles from by-products was unambiguously supported by the *H 

and 13C NMR spectra, in particular by the evaluation of the muhiplet pattern of the C-protons signals. For example in the 
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case of macrocycle 10b, two doublets are observed at δ 8.14 and 7.63 for H-l and H-3 respectively while a triplet 

appears at δ 7.34 Car H-2 (acridinic moiety). Three signals related to the aliphatic protons also prove the unique cyclised 

structure with a triplet at 2.84 ppm (H-l3 protons), and two multiplets at 1.73 and 1.49 ppm corresponding to H-14 and 

H-l 5. 

We tried also to prepare crown ethers using 8; such compounds are very interesting in their ability to bind metal and 

organic cations strongly and selectively/15' and Bradshaw has prepared numerous crown ethers ligands containing 

pyridines as aromatic moiety and has established a tripod-like hydrogen bounding involving the nitrogen atom and two 

alternate oxygen atoms in the macrocycle with guest molecule;0 6) moreover he recently reported the synthesis of a new 

ligand based on an acridine subunit whose π-system provided stonger π-π interactions with aromatic guests.(!7) 

To obtain the crown ethers 11a and l ib , the acridinone 8 was reacted with ethylene glycol di-p-tosylate using cesium 

fluoride in DMF. The best results in the isolation of only one macrocyclic monomer were obtained with tetra and penta 

ethylene glycol ditosylate08' In this latter case the characterization of 11a and l i b by 'H and I3C NMR spectroscopy, in 

particular the multiplet patterns in 'H NMR was very similar to those observed for macrocycles lOa-c. (Scheme 5). 

TsO OTs 

CSF2, DMF, 
reflux, 15 days 

Scheme 5. 
c 11a η = 4(26%) 

11b n = 5 (31%) 
11a-b 

In conclusion, we reported the preparation of a new class of monomeric macrocycles and crown ethers: the 4,5-

(diamido-a"^"-aDcyl)acridm-9(10//)-ones and the 4,5-(dihydroxy-a"^"-alkyl)acridin-9(10//)-ones; biological testing is 

now currently in progress to investigate their therapeutical activity. 
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